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Until now it has been impossible to observationally measure how star 
luster
s
ale height evolves beyond 1Gyr as only small samples have been available. Here
we establish a novel method to determine the s
ale height of a 
luster sample using
modelled distributions and Kolmogorov-Smirnov tests. This allows us to determine
the s
ale height with a 25% a

ura
y for samples of 38 
lusters or more. We




ted sub-samples of Khar
henko et al. (MWSC), Dias et
al. (DAML02), WEBDA, and Froebri
h et al. (FSR).
We identify a linear relationship between s
ale height and log(age/yr) of 
lusters,

onsiderably dierent from eld stars. The s
ale height in
reases from about 40 p
 at
1Myr to 75 p
 at 1Gyr, most likely due to internal evolution and external s
attering
events. After 1Gyr, there is a marked 
hange of the behaviour, with the s
ale height
linearly in
reasing with log(age/yr) to about 550 p
 at 3.5Gyr. The most likely
interpretation is that the surviving 
lusters are only observable be
ause they have
been s
attered away from the mid-plane in their past. A detailed understanding of
this observational eviden
e 
an only be a
hieved with numeri
al simulations of the
evolution of 
luster samples in the Gala
ti
 Disk.







e. There are no signi
ant temporal or spatial variations
of the 





 Plane as Z⊙ = 18.5± 1.2 p
.
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ers of stellar and Gala
ti
 evolution
and are the building blo
ks of the Galaxy. The majority
of stars in the Galaxy are formed in open 
lusters (Lada
& Lada 2003), and as su
h it is important to determine




ity), and large 
luster samples




Plane, i.e. the s
ale height).
Open 
lusters are formed in Giant Mole
ular Clouds
(GMCs) and 
an remain embedded for up to 10Myrs. As an
embedded 
luster evolves, stellar feedba
k (i.e. stellar winds,
jets, outows, supernovae) inuen
es the gas internal to the







outwards, it eventually disperses and a bound open 
luster
might emerge. During this phase the mass loss (from gas)
will 
ause the majority of embedded 
lusters to be disrupted
and dissolve into the eld, with only about 5% emerging
and evolving to be
ome bound open 





the eld via dynami
al mass segregation, tidal stripping and
disruption from gravitational intera
tions with e.g. GMCs.
Estimated disruption time-s




e from the Gala
ti
 Centre (e.g.
Goodwin & Bastian (2006)). Few 
lusters survive to 1Gyr
whi
h is highlighted by the la
k of older 
lusters observed in
the solar neighbourhood in 
omparison to younger 
lusters.
To fully understand open 




ale, it is important to begin to build up an
observational pi
ture of the evolution of s
ale height with

luster age. Previous works have shown that older 
lusters
(age above 1Gyr) have a typi
al s








h et al. 2010), signi
antly larger than their
younger 
ounterparts. Unfortunately, methods to determine
the s
ale height are only appli
able to larger sample sizes
and fail in the 
ase of small samples of rare old 
lusters.
Thus, it has been di
ult, observationally, to investigate
the evolution of 
luster s
ale height in smaller age bins,
espe
ially for the rare old obje
ts.
Additional di
ulties lie in the nature of open 
luster

atalogues (e.g. WEBDA, or DAML02 (Dias et al. 2002)) as
fundamental 
luster parameters are often 
ompiled from the
literature and are hen
e not homogeneously determined. For
example Froebri
h et al. (2010) found that FSR1716 has a
distan
e of 7.0 kp
 and an age of 2Gyr, whereas Bonatto &
Bi
a (2008) determined the 
luster to have a distan
e/age
of either 0.8 kp




es in this 
ase mainly arise from using
dierent metalli
ities when estimating the parameters and
interpreting features along the iso
hrone dierently, or the
whole 
luster as a globular or open 
luster. However, it
serves as an example that homogeneously derived 
luster
lists, where any un
ertainties in the determined values are
systemati




In this series of papers we aim to homogeneously and
statisti
ally investigate the fundamental properties and large
s
ale distribution of open 
lusters in the Galaxy. In Bu
kner
& Froebri
h (2013) (Paper I, hereafter) we established
a foreground star 
ounting te
hnique as a distan
e
measurement and presented an automati
 
alibration and
optimisation method for use on large samples of 
lusters
with Near-Infrared (NIR) photometri
 data only. We









ts in the FSR

luster sample from Froebri










 longitude. In total, we determined
distan
e estimates to 771, and extin
tions values for 775,
open 
luster 
andidates from the FSR list.
In this paper we investigate the relationship between
s
ale height and 








an be applied to
small sample sizes. We begin by building upon the work
of Froebri
h et al. (2010), who determined the ages of the




hrones to derive the ages of our FSR sub-sample
and further rene their determined distan
e and extin
tion
values. We follow this with a 
omprehensive analysis of
the s
ale height of 
lusters in the homogeneous MWSC

atalogue by Khar
henko et al. (2013), the DAML02 list
by Dias et al. (2002) and the WEBDA database.
This paper is stru
tured as follows. In Se
. 3 we present
our 
luster sample and subsequent age analysis. Se
tion 4.2
introdu
es our novel s
ale height approa
h. The results of
our s





lusions are presented in Se
. 6.
2 CLUSTER SAMPLES
In the latter part of this paper we aim to investigate
the temporal and spatial s
ale height evolution of samples
of 
lusters in detail. Ideally we require a variety of
samples/
atalogues to identify potential sele
tion ee
ts in
them. Most importantly, however, we require a large number
of 
lusters with a signi
ant age spread and an extended
distribution in the Gala
ti
 Plane to investigate positional
variations of the s




luster samples (CS), ea
h with its own advantages and
disadvantages:




atalogue was initially 
ompiled from the
literature (in
luding many of the 
lusters in our other CSs)
and 
ontains 3006 real 
lusters with an additional few
hundred that are agged as either not real or dupli
ate
entries. Using their data-pro
essing pipeline, the authors
homogeneously re−/determined distan
e, reddening, radii




data from the PPMXL and 2MASS 
atalogues (see sour
e
paper for further details). Thus, any un
ertainties in the

luster parameters are therefore systemati




ies in the sample. To date this is the
most 
omprehensive, homogeneously derived star 
luster

atalogue available in the literature, whi
h 
oupled with
its extensive spread of 





t only the real obje
ts and
ex
lude all the globular 
lusters, asso
iations and moving
groups, as we are only interested in real bound open

lusters. For the purpose of our analysis moving groups,
although part of open 
luster evolution, are 
onsidered no
longer su
iently bound to be in
luded. Obje
ts agged as
'Remnants' or 'Nebulous' are retained as they are typi
ally
asso




We determine the 
ompleteness limit of the sele
ted







) against the distan
e (dXY ) of the 
lusters
from the Sun proje
ted onto the Gala
ti
 plane. Note the
authors of the MWSC 
atalogue nd a de
it of old open

lusters (log(age/yr) > 9.2) in the 




ause for this is unknown, but it is reasonable
to assume that this is due to the natural evolution of 
lusters
into a less-bound state, thus be
oming too large on the sky
at short distan
es to be dete





ount, CS1 is 
omplete (or has at least a

onstant 
ompleteness) at a distan
e range of 0.8  1.8 kp







(see top left panel of Fig. 1). Thus we
only sele
t MWSC 
lusters in this distan
e range to avoid
any bias in the s
ale height determination later on. This nal
sele
tion leaves 960 
lusters in the CS 1 sample.
A re
ent study (S
hmeja et al. 2014, MNRAS, a

epted)
based on 2MASS photometry has identied a further 139,
preferentially old, open 
lusters in the solar neighbourhood
at |b| > 20◦. In
luding them into the CS 1 sample with the
same sele
tions applied to MWSC, would in
rease the CS 1
sample size by 79 obje








 Plane, and would hen
e introdu
e a bias into the
sample.
(ii) CS2: The 
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by Dias et al. (2002). This online database is 
ompiled
from the literature and is regularly updated as new data
be
omes available. It 
ontained 2174 obje
ts at the time
of writing. It is the largest open 
luster database, with
the ex
eption of the MWSC 
atalogue (of whi
h it formed




e, reddening, age, et
.) have not
been redetermined and remain as derived by the respe
tive
authors of the literature. As su
h, the DAML02 database
is inhomogeneous in nature. However the extent of this
inhomogeneity is unknown as the authors of the parameters
have analysed 
lusters on an individual basis i.e. extensively
and not as a 
olle
tive where misinterpretation of data

an be made due to the systemati
 nature of the methods
used to derive the parameters. For example, the 
luster
Stephenson 2 is a young massive 
luster (4 × 104M⊙) with
26 red supergiants at a distan
e of 5.8+1.9−0.8kpc and an
age of 12  17Myr (Davies et al. 2007), but is listed as
having a distan
e of 1.1 kp
 with an age of 1Myr in
MWSC . If the status of Stephenson 2 as being a young
massive 
luster is unknown (as was the 
ase with MWSC in
their blind-data-pro
essing pipeline), its 
olour-magnitude
diagram 
an be misinterpreted. Thus, for a 
omprehensive
s




atalogues in order to 
ompare the results and





lusters from the DAML02 database whi
h
have distan
e, reddening and age value. Dupli
ate entries are
identied as entries whi








lusters are determined to
be 
omplete, or have a homogeneous 
ompleteness, for up to
a 1 kp
 radius from the Sun for |b| 6 90◦ (see top-right panel
in Fig. 1). The surfa






 radius is 
omparable to the MWSC 
atalogue,
i.e. CS 1. The sele
tions leave 389 open 
lusters in the CS 2
sample.
(iii) CS3: The WEBDA
2
database based on Mermilliod
(1995). This online intera




ts to date. WEBDA is 
ompiled from the






ompared to the more 
omplete DAML02




analysis in addition to both the DAML02 and MWSC data.
As for the rst two 





e, reddening and age values.
The sele
ted 
lusters are determined to be 
omplete, have
a homogeneous 
ompleteness, up to a 1 kp
 radius from the
Sun for |b| 6 90◦ (see bottom left panel in Fig. 1), with
a surfa




. This is slightly less
than the values for CS 1 and 2, but still 
omparable. The
sele
tions leaves 358 open 
lusters in the CS 3 sample.
(iv) CS4: The FSR List by Froebri
h et al. (2007). The
authors of this 
atalogue used 2MASS star density maps of
the Milky Way a
ross all Gala
ti
 longitudes and within a
Gala
ti
 latitude range of |b| 6 20◦ to identify 1788 obje
ts,
in
luding 87 globular 




In Paper I we presented and 
alibrated automated







lusters using NIR photometry only and foreground star

ounts. Un








atter of 30%. We applied the method to
the entire FSR list to determine distan
es and extin
tions
for a sub-sample of 775 open 
luster 
andidates with
enough members, of whi















ould not be 
ompensated
for in our 
alibration pro




We aim to determine the ages of this FSR sub-sample
using our data-pro
essing pipeline (see Se
t. 3.2.2).
Clusters for whi
h we were able to a

urately determine
all 3 parameter values (age, distan
e, reddening), are
then sele
ted and determined to have a homogeneous

ompleteness at distan
es between 1.5  2.1 kp
 from the Sun
for |b| 6 20◦, with a surfa
e density of 15 
lusters / kp
2 (see
bottom right panel of Fig. 1). The sele
tions leave only 95
open 
lusters in the CS 4 sample.
The above determined 
luster surfa
e density shows that
this FSR 
atalogue sub-sample is only 
omplete at the








ompared to the other samples. This is
evident in Fig. 2 where we present the age distributions
of all four 
luster samples. There the CSs 1, 2, 3 show
the normal trend that is expe
ted for samples sele
ted as
having a homogeneous 
ompleteness limit, i.e. a steeply
de
reasing number of 
lusters with age. For CS 4, however,
the histogram is more or less at between 0.5 and 2.0Gyr.
Furthermore, Fig. 2 also shows that the MWSC sample is
the only sample large enough to 
ontain a sizable number
of 
lusters older than 1  2Gyr, or a large enough sample to
potentially measure the age dependen









lusters, there are ages available. To perform our
analysis we hen
e need to determine ages for all the FSR
obje
ts. In the following se




ular emphasis on performing these ts






t the most likely 
luster




hnique detailed in Paper I (Se
t. 3.1).
We then t solar metalli
ity Geneva (Lejeune &
S
haerer 2001) or pre-main sequen
e (Siess et al. 2000)
iso
hrones (where appropriate) to the near infrared 2MASS

olour-magnitude data of the highest probability 
luster
members (Se




from Paper I. All 
lusters are then t three times blindly
(without knowledge whi
h 
luster is t) and in a random
order. The three values for age, distan
e and reddening are
averaged to obtain the nal 
luster parameters.





























































e density distribution of 
lusters as a fun
tion of distan
e in the samples investigated in our work (top-left: CS 1 
Khar
henko; top-right: CS 2  Dias; bottom-left: CS 3  WEBDA; bottom-right: CS 4  FSR). In ea
h panel the verti
al dashed line(s)
indi
ate the region where we 
onsider the sample to have a homogeneous 
ompleteness and the horizontal dashed line indi
ates the
surfa
e density in this region.
.
3.1 Cluster Membership Probabilities
To t iso
hrones to NIR 
olour magnitude diagrams of












as the main sequen
e and red giant bran
h are di
ult
to identify. We have detailed our approa
h to determine
membership probabilities for individual stars in ea
h 
luster






originally outlined in Bonatto & Bi
a (2007) and is based on
earlier works by e.g. Bonatto et al. (2004). Froebri
h et al.
(2010) have slightly adapted the original method to identify

luster members and we have applied the same pro
edure in
Paper I and for the work presented here.
JHK photometry from the 2MASS (Skrutskie et al.
2006) point sour
e 
atalogue is utilised for all stars in a

luster with a photometry quality ag of Qag='AAA'. The
radius of the 
ir
ular 








ontrol area (Acon) is a ring with an inner radius of
ve 
ore radii and an outer radius of 0.5◦. We dene the
Colour-Colour-Magnitude distan
e, rccm, between the star,







2 + (JKi − JKj)
2 + (JHi − JHj)
2,
(1)
where JK = J − K and JH = J − H are the 2MASS
NIR 
olours. We then determine rNccm as the distan
e to the
N th nearest neighbour to star i within the 
luster area in this
Colour-Colour-Magnitude spa




e of the value for N will not inuen
e the results,
i.e. the identi





e to our pro
edure in Paper I we set N =
25. We then 
ount the number of stars (Nconccm) in the 
ontrol
eld that are 
loser to star i in the Colour-Colour-Magnitude
spa
e than rNccm. Normalising this number by the respe
tive
area allows us to determine the membership-likelihood index
or 
luster membership probability (P icl) of star i via:
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Figure 2. Age distribution of the homogeneously sele
ted 
luster sub-samples used in our work (top-left: CS 1  Khar
henko; top-right:
CS 2  Dias; bottom-left: CS 3  WEBDA; bottom-right: CS 4  FSR).
.








tuations lead to negative P icl
values, then the membership probabilities for this parti
ular
star are set to zero. Note that we are only interested in the
most likely 





Using the above determined 
luster membership
probabilities for stars in ea
h 




olour diagrams to t
iso
hrones to the data (see Fig. 3 for an example). Sin
e we
have no data available on the metalli
ities of the 
lusters, we
homogeneously assume solar metal 
ontent. This 
ould be
not appropriate for parti
ular 
lusters, whose [Fe/H℄ might
range from -0.4 to +0.2, but statisti
ally this assumption
is justied. Furthermore, the median metalli
ity of all our

lusters that have a WEBDA 
ounterpart is Z = 0.02 (i.e.
solar). We also note that our statisti
al errors of the 
luster
parameters 
aused by the manual iso
hrone ts are typi
ally




aused by using a slightly erroneous metalli
ity. Furthmore,
the age binsize used in our analysis in Se
t. 5.2.1 is also of
the same size or larger than potential age variations due to






ally valid representation of the age.
As model iso
hrones we utilise the Geneva Iso
hrones
(Lejeune & S
haerer 2001) for intermediate age and old

lusters. In some 
ases the 
lusters are obviously very young,
i.e. 
ontain Pre-Main Sequen
e (PMS) stars. For these
obje
ts we utilise the solar metalli
ity PMS iso
hrones from
Siess et al. (2000) whi
h 
over the stellar mass range of
(0.1M⊙ < M < 7.0M⊙).
3.2.1 Unbiased iso
hrone ts
Our aim is to determine the 
luster properties (age, distan
e,
reddening) and un
ertainties for all FSR 
lusters in a
homogeneous way. In order to a
hieve this we set up a
manual pipeline whi
h will be des















hrone ts for all stars within two 
luster 




> 80% red squares; 60% < P i
cl
< 80% green stars; 40% < P i
cl






k plus signs. The left panel, shows the iso
hrone t in the J −K/K 
olour magnitude spa
e, the right panel
shows the iso
hrone t in the H − K/J − H 
olour 
olour spa
e. The overplotted iso
hrone (bla
k solid line) has the parameters of
log(age/yr) = 9, distan
e of d = 1.6 kp
 and H-band extin
tion AH = 1.3mag.





andidates will have an insu
ient
number of high probability 
luster members, and hen
e any
attempt to t an iso
hrone to these obje
ts will most likely
be impossible or result in very large un
ertainties.
In the literature there are many examples of a
single 
luster having multiple determined age, distan
e
and reddening values. One su
h example is FSR1716
(as dis




et al. (2010) determined a distan
e of 7.0 kp
 and
log(age/yr)=9.3, whereas Bonatto & Bi
a (2008)
determined the 
luster to be either 0.8 kp
/7Gyr or
2.3 kp




Stephenson 2 (or RSGC2). This is a young embedded,
red supergiant ri
h 
luster at a distan
e of about 6 kp












an arise from dierent
interpretations of whi









luster three times using a blind t
(the FSR number or previous t results are unknown) and
a randomised order.
Thus, one of us performed 2313 manual iso
hrone ts.
In every 
ase neither the FSR number nor the results from
previous ts are known. We start ea





shown in Fig. 3) where stars are 
oded based on their
determined 
luster membership probability. Overlayed on
these plots are several Geneva iso
hrones of dierent ages
(log(age/yr)=7, 8, 9, 10) using the distan
es and extin
tion
values for this 
luster from Paper I.
The tter then 
ategorises the 
luster in one of three
types: i) unable to t any kind of iso
hrone; no feature(s)
resembling a star 
luster is visible in the diagrams, hen
e
the 
luster is either not real or the obje
t represents an
overdensity that is too low to reliably identify the position
of the most likely 
luster members in the 
olour-magnitude
diagrams; ii) 
luster age identied as young; these obje
ts
are then t by a pre-main sequen
e iso
hrone; iii) a 
lear
intermediate age or old open 
luster sequen
e is visible; for
these obje
ts the 
losest t of the four iso
hrones is 
hosen
and overlayed with a number of iso
hrones with steps in
log(age/yr) = 0.05. The then 
losest t is used as a starting
point to freely vary all three iso
hrone parameters (age,
distan
e, reddening) until a satisfa
tory t is obtained. A
similar pro








e the entire sample of 
luster 
andidates has been
tted by the above des
ribed method, i.e. there are three

















onsidered not a 
luster or a
too low signi
ant overdensity if it has been pla
ed at least
twi
e into this 








onsidered a PMS 
luster if it has been
pla
ed at least twi




onsidered an open 
luster if it has been
pla
ed at least twi
e into this 
ategory.
For the latter two 




tion) as averages from
the respe
tive iso
hrone ts (either three or two). The
resulting values are listed in the Appendix in Table A1. The
un
ertainties listed in Table A1 are then the mean absolute
statisti
al variations of the individual parameter values for
ea
h 
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4 SCALE HEIGHT DETERMINATION
4.1 Cluster distribution fun
tions
In order to analyse the distribution of star 
lusters
perpendi
ular to the Gala
ti
 Plane, one 
an assume that
the spa
e density N(Z) of 
lusters as a fun
tion of the





ould be for example an exponential
distribution of the form
















h is to be expe
ted for a self-gravitating disk. In
both equations N0 gives the 
entral spa
e density of 
lusters
at Z = Z0, where Z0 is the verti
al 
entre (zero point) of
the distribution and h0 is the s
ale height. Both distributions
are very similar within a few s
ale heights, and are in fa
t
identi
al at |Z − Z0| = h0.
We plan to investigate the evolution of the s
ale height
h0 as a fun
tion of 
luster age and also the distan
e of
the 
lusters from the Gala
ti
 Centre. The 
luster samples
we 
an utilise usually only in
lude obje
ts at most a
few s




h parametrisation we utilise and we 
hose the
exponential distribution for the purpose of this paper.
Furthermore, our sample sizes to determine the free
parameters of this distribution (N0, Z0, h0) are going to be
small. Hen
e, any algorithm to determine these parameters




h of the parameters
in order to reliably infer trends or to identify dieren
es
in e.g. h0 whi
h are statisti
ally signi
ant. Note that a
simple exponential t to a histogram for the Z distribution
of 
lusters is not su
ient for this purpose, as it will break
down easily even for sample sizes of the order of 100 
lusters
(see e.g. Bonatto et al. (2006), Piskunov et al. (2006)).
4.2 Parameter determination
In order to ensure reliable values for the parameters
(N0, Z0, h0) and a

urate un
ertainties even for small 
luster
samples (N < 100), we 
ompare the distribution of Z-values
of our sample with model distributions via a two sample
Kolmogorow-Smirnov (KS) test (Pea
o
k 1983). The model
distributions are obtained for dierent s
ale heights and Z0
values. The parameters of our 
luster sample are taken as
the values of the model distribution whi
h shows the highest
probability to be drawn from same parent distribution.
Model Distribution Size
The 2-sample KS-test uses a Cumulative Distribution
Fun
tion (CDF) for the two samples of Z values to estimate
the probability PKS that both are drawn from the same
parent distribution. Our model sample of 
lusters will have
to have at least the same range of Z-values as the observed
sample whose parameters we are trying to determine. With
the known Zmin and Zmax values of the observed sample, in
prin
iple we 
an determine an analyti
al expression for the
CDF of the model by integrating Eq. 3 along Z. However,
we de
ided to obtain this CDF by generating a sample of
NM Z-values randomly distributed a

ording to Eq. 3.
The size of NM should be as small as possible to limit
the 
omputing time, but as large as required to remove
any un
ertainties due to the random nature of the sample.
We hen
e determined PKS values of an observed 
luster
sample against model 
luster samples with NM Z-values.
The size NM of the model 
luster sample was varied from
300 to 50.000 obje
ts. For ea
h NM -value we repeated these
tests multiple times with dierent random realisations of the
distribution of Z-values. The size NM of the model sample
was judged to be su
ient when for 9 out of 10 random




sizes of about NM = 30, 000. Note that we have repeated
these tests for multiple 
ombinations of h0 and Z0 values
in the model, with no 







As mentioned above, all our model distributions will

ontain Z-values for 30,000 obje
ts within the minimum
and maximum Z-value of the observed distribution
whose parameters we are trying to determine. We want
to determine the parameters (h0, Z0) of the observed
distribution without any prior assumptions. Thus, we
generated model distributions where the parameters h0 and
Z0 did span the entire possible parameter spa
e. In other
words we varied h0 between 20 p
 and 1000 p
, while Z0
had values between -160 p
 and +100 p





hosen for both parameters. This resulted





We now perform a 2-sample KS-test of the observed sample
against all the 10,441 model distributions to determine
the probabilities PKS that the two samples are drawn
from the same parent distribution. In Fig. 4 we show the
distribution of PKS-values for one example of an observed

luster distribution (all sele
ted 
lusters from CS 1 in the
4th Gala
ti
 Quadrant) over the entire modelled h0Z0
parameter spa
e, i.e. the gure shows PKS(h0, Z0). As
one 
an see, for vast regions of the parameter spa
e, the
PKS-values are almost zero. Only for a limited area the the
values are non-zero.
In order to nd the best tting parameters for the
observed distribution we do not 
hose the set of parameters
that leads to the highest probabilities PKS . Instead we t
a 2-dimensional Gaussian distribution to the PKS(h0, Z0)
values, where the 
entre and width are free parameters. The

entral 
oordinates of this Gaussian are then taken as the
best t parameters for the observed distribution.





Figure 5. Left: Plot of s
ale height relative error against sample size. Bla
k 
rosses represent the mean values for the modelled




a sample size of 38 
lusters or above. Right: Plot of verti
al zero point absolute error against sample size. Blue triangles and red squares
represent the mean values obtained for the modelled distribution. The blue solid line and red dashed line represent the respe
tive linear
ts to sample sizes below and above 100 
lusters. The dot-dash lines identies an error of 10 p
 for Z0 whi
h is a
hieved for a sample
size of 32 
lusters or larger.
Figure 4. Plot of the PKS values for an observed 
luster
distribution for the entire modelled h0 vs Z0 parameter spa
e.
Crosses indi
ate the positions for whi




ate the probabilities that the modelled
and observed distributions are drawn from the same parent
sample. Most of the PKS values are almost zero (white, lowest

ontours), and the highest non-zero values (red, highest 
ontours)




lusters from the MWSC 
atalogue (CS 1) within our

hosen distan
e range in the 4th Gala
ti
 quadrant. There are 313

lusters in this sample and we nd a best t for the s
ale height
of 68.1 p
 and the verti











we plan to investigate potential 





e of the s
ale height of our observed

luster distributions, we require to know the un
ertainties
of our method in order to judge if any trends in the data
are signi
ant. In other words we need to estimate how
large the un
ertainties ∆h0 and ∆Z0 are and if/how these
un
ertainties depend on the value of the parameters and the
size of the 
luster sample.
In order to estimate these un
ertainties we simulated
Z-distributions for small 
luster samples with various h0
and Z0 values and pro
essed them with our above des
ribed
pro
edure to determine their s
ale height and verti
al
zero point. Sin
e we know the input parameters for ea
h
simulated distribution, we 
an evaluate the un
ertainty for
both parameters by repeating the pro
ess with 50 dierent
random realisations of the simulated Z-distributions. The
un
ertainties ∆h0 and ∆Z0 are estimated as the rms of
the individual measurements h0,i and Z0,i 
ompared to the
input values.
To test any dependen
ies of the un
ertainties on the
parameter values of h0 and Z0 we did two tests: i) we kept
Z0 = -30 p
 and varied h0 between 100 p




overs the potential range of s
ale heights for most of our
observed samples; ii) we xed the s
ale height to h0 =200 p

and varied the verti
al zero point of the distribution from
-40 p
 to +40 p





e of the un
ertainties on the parameter values is
found.
More importantly, we also need to test how the
un
ertainties depend on the sample size ND. We hen
e
repeated all the above tests for simulated 
luster samples
with ND =15, 30, 50, 75, 100, 200, 300 and 600 
lusters. We




e on the un
ertainties of both parameters h0 and Z0.
In parti
ular we nd that the relative un
ertainty of the s
ale
height s
ales with the sample size ND approximately as a
power law. Also the absolute un
ertainty of the verti
al zero
point of the distribution s
ales as an approximate powerlaw
with the sample size, but only for small samples. Above a
sample size of about 100 
lusters, the absolute un
ertainty
of Z0 remains 
onstant. This is shown in Fig. 5.










ertainties from our method solely from the knowledge
of the sample size ND using the following equations:
∆h0
h0








if ND < 115
2.6 p
 if ND > 115
(6)
In other words, the relative un
ertainty of the s
ale
height s
ales roughly with the inverse of the square root of
the sample size, while the absolute un
ertainty of the zero
point s
ales as the inverse of the sample size. We believe
that the 
onstant un
ertainty of the zero point Z0 above a
sample size of about 100 
lusters is 
aused by our step size of
5 p
 in the model distributions. For su
h large samples the
un
ertainty be
omes smaller than half of our step size, whi
h
then be
omes the limiting fa
tor 
ompared to the sample
size. Should higher a

ura
ies for Z0 be required, the step
size 
an be de
reased. We refrain from this in this paper,
sin
e we judge 2.6 p
 as un
ertainty for Z0 for large samples
su
ient.






essing pipeline was applied to the sub-sample
of 775 FSR List 
lusters whi
h had a distan
e and extin
tion
values determined in Paper I. Here we su

essfully determine
the ages of 298 
lusters. All their parameters and respe
tive
un
ertainties are listed in the Appendix in Table A1. Hen
e,
only about 40% of the investigated FSR 
lusters passed our
stringent 
riteria for a su

essful iso
hrone t. Of those, 216
are agged as previously 'known', and 82 as 'new' in the
FSR 




h et al. 2007). Thus, we 
onrm
here that these 82 previously unknown obje
ts are in fa
t
real 
lusters and determine their parameters.
The low per
entage of these 'new' 
lusters in the entire
sample 
an be interpreted in two ways: (i) A large fra
tion of
these 





ould be tted; (ii) It is signi
antly more
di
ult to t iso
hrones to these 
lusters sin




h et al. (2007) showed that about half of the
entire FSR list of 'new' obje
ts might in fa
t be not real

lusters but overdensities, whi
h was 
onrmed through
spatial analysis by Bi
a et al. (2008) and Camargo et al.
(2010). However, as dis
ussed in Paper I, the 
ontamination
of the 
luster sub-sample of 775 obje
ts used here is less
than 25%, thus at least 75% of the 
lusters are potentially
real. During the iso
hrone ts for the 
lusters in our FSR
sub-sample, it was noted that a large proportion of 
lusters
had a poorly dened main sequen
e; in many 
ases only the
top was visible within the 2MASS magnitude limit and thus
an iso
hrone t was not possible under the 
onstraints of
our data-pro
essing pipeline. On 
ompletion of the pipeline,
we found that a large proportion of the known obje
ts
had a 
lear and well dened main sequen
e and/or red
giants, whereas the unknown obje
ts had fewer members
(hen
e they remained undete
ted) whose main sequen
es
were not as well dened, and in many 
ases fell below the
magnitude limit of 2MASS. We would argue, therefore, that
the low number of 
onrmed new 
lusters in our sample is a
ree
tion of the di
ulty involved in tting iso
hrones to the
new obje
ts, rather than the majority being over-densities.
We make a 
omparison of the distan
e and H-band
reddening values determined in Paper I using our novel
photometri




t 3.2.2 of this paper
(DP2, AP2H ). The two distan
e values depend linearly on one
another, with DP1 ≈ 25% larger than DP2, with a s
atter
of 65% and Pearson 
orrelation 
oe
ient of 0.89. The
primary sour










reasing DP2. This 




e measurement method in Paper I works
by measuring the density of stars foreground to a 
luster
whi
h is more a

urate for larger, more extin
ted obje
ts.
The two reddening values also depend linearly on





ient of 0.95. Unlike DP1,
the determination AP1H depends only on the ability to
a





is independent of individual 
luster reddening values.
Furthermore, we have 
ompared our ages to the ages in
MWSC, for the 
lusters whi
h are in both lists. There are
a few obvious outliers, where ages dier by a fa
tor of 10




ient of 0.73, with a rms s
atter of 0.19
for log(age/yr). The latter 
an be interpreted as a more
realisti
 un
ertainty of the ages determined for the FSR

lusters, 
ompared to the pure statisti
al estimates quoted
in Table A1.
As already stated in Se
t. 2, the resulting FSR sub
sample after the age determination is only very small. If
we further require a homogeneous 
ompleteness for the s
ale
height analysis, the sample size be
omes even smaller. Hen
e
we have not in
luded the FSR-subsample in the s
ale height
analysis performed in the remainder of the paper. However,
as is evident in the radial distribution (lower right panel of
Fig. 1) and the age distribution (lower tight panel of Fig. 2)
sample is dominated by rather old, and distant 
lusters.
They are hen
e in itself an important addition to the existing
large 





ale Height and Zero Point
Our novel method is designed to determine a 
luster
sample's s
ale height h0 and zero point Z0, whilst
signi
antly redu
ing the restraint on sample size. The
approa
h to utilise modelled distributions in 
onjun
tion




y for a sample of 38 
lusters or larger. For
the same sample size we 
an determine Z0 within 8.5 p
.
In the following we hen
e investigate sub-samples of CS 1,
2, 3 with roughly this size, in order to establish if there
are systemati
 and/or signi
ant evolutionary or positional
trends in the 
luster distribution within the plane of the
Galaxy. We investigate ea
h of the three 
luster samples to





Figure 6. Evolution of the 
luster s
ale height h0 with age for the
3 investigated samples. Bla
k triangles indi
ate CS 1 (MWSC),
blue squares indi
ate CS2 (DAML02) and red diamonds CS 3
(WEBDA). The horizontal 'age' error bars indi
ate the typi
al
rms of log(age/yr) from the median age in ea
h bin. The dashed
line is the approximate s
ale height  age relation for eld stars
(see text for details).
nd out if there are dieren
es between them that might be

aused by potential biases in the samples.
5.2.1 h0 Evolution with Age




Fig 6 we show the s
ale height values we derived using our
method over a range of age bins. The age ranges for ea
h bin
and the number of 
lusters in them for every CS are listed




luster age. Most notably there is an apparent marked
in
rease in the gradient at log(age/yr) = 9 or a 
luster age
of about 1Gyr. We perform a linear t of the s
ale height








 · log(age/yr) if age 6 1Gyr
880 p
 · log(age/yr) if age > 1Gyr
(7)
where h0 is the s
ale height and log(age/yr) is the 
luster
age. Note that at an age of 10Myr, the time when gas
expulsion has typi
ally nished, the s
ale height of the

lusters is about 50 p
. Please note that the above given
values for the 
hanges of s
ale height with 
luster age are
independent of the a
tual 
hoi
e of the borders for our age
bins. The only sample where the marked 
hange in behaviour
at 1Gyr is not evident is CS 3  WEBDA. The reason is
that in our homogeneously sele
ted sub-sample there are
simply not enough old 
lusters to tra
e h0. In parti
ular the
oldest age bin spans a fa
tor of 14 in age (see Table 1), but
is dominated by 
lusters of an age of 1Gyr. CS 1 and CS 2
show essentially the same behaviour for older obje
ts (see
Fig. 6), even if there is just one 'old' age bin for CS 2.
Previous eorts to determine the h0 of older 
lusters
as a fun




on sample size 
aused by the small size of the older 
luster
sample and the spread of their distributions with in
reasing
Table 1. Age bins (minimum and maximum ages) and respe
tive
number of 
lusters in them for the 
lusters samples, used in
the investigation of s
ale height with 
luster age. We also list
the determined s








MWSC 6.000 6.850 40 -2 8 36 9
MWSC 6.850 7.200 40 9 8 62 15
MWSC 7.200 7.420 40 6 8 56 14
MWSC 7.420 7.550 40 -20 8 47 12
MWSC 7.550 7.755 40 -10 8 65 16
MWSC 7.760 7.950 40 -6 8 76 19
MWSC 7.950 8.060 40 -20 8 72 18
MWSC 8.060 8.150 40 -3 8 59 15
MWSC 8.150 8.255 40 -1 8 60 15
MWSC 8.255 8.350 40 -9 8 58 14
MWSC 8.350 8.445 40 -13 8 63 16
MWSC 8.445 8.505 40 -22 8 74 18
MWSC 8.505 8.580 40 -9 8 73 18
MWSC 8.585 8.632 40 -24 8 85 21
MWSC 8.635 8.690 40 -29 8 79 20
MWSC 8.695 8.735 40 -8 8 68 17
MWSC 8.735 8.800 40 -25 8 79 20
MWSC 8.800 8.865 40 -12 8 67 16
MWSC 8.870 8.930 40 -9 8 87 21
MWSC 8.935 9.005 40 -23 8 98 24
MWSC 9.005 9.100 40 -39 8 146 36
MWSC 9.100 9.200 40 8 8 263 65
MWSC 9.200 9.400 40 -109 8 352 87
MWSC 9.400 9.700 40 -56 8 549 135
DAML02 6.00 7.02 29 -35 11 58 16
DAML02 7.03 7.50 40 -41 8 82 20
DAML02 7.50 7.83 40 -25 8 50 12
DAML02 7.84 8.09 40 -13 8 53 13
DAML02 8.09 8.30 40 -16 8 61 15
DAML02 8.30 8.45 40 -13 8 63 16
DAML02 8.45 8.60 40 11 8 59 15
DAML02 8.60 8.78 40 -23 8 86 21
DAML02 8.78 9.01 40 -13 8 78 19
DAML02 9.03 9.90 40 -20 8 340 84
WEBDA 6.00 7.17 38 -51 9 82 21
WEBDA 7.20 7.66 40 -25 8 60 15
WEBDA 7.68 8.00 40 -23 8 58 14
WEBDA 8.00 8.23 40 -4 8 64 16
WEBDA 8.23 8.42 40 -26 8 55 14
WEBDA 8.42 8.54 40 5 8 56 14
WEBDA 8.55 8.69 40 -21 8 91 22
WEBDA 8.69 8.95 40 -34 8 76 19
WEBDA 8.96 10.12 40 -9 8 76 19
age, has until now prevented a detailed analysis of evolution
of the s
ale height of old 
lusters. Attempts to pla
e a value
on the s
ale height have yielded a value of h0 = 375pc for

lusters older than 1Gyr (e.g. Froebri
h et al. (2010)). From
Eq. 7 and Fig. 6, this value 
orresponds to an age of about
2.2Gyr i.e. in the middle of the 'old' 
luster age bin. Hen
e
this literature value is an average s
ale height for 
lusters
older than 1Gyr. Figure 6 also demonstrates the superiority
of the MWSC list in 
ombination with our novel approa
h
to determine the s
ale height, as the larger sample size of
CS 1 allows us to 
learly tra
e the s
ale height evolution for





ts older than 1Gyr in several bins and to show that
there is a systemati
 signi
ant observational trend in the

luster s
ale height with age for obje
ts up to 5Gyr.
To the best of our knowledge there are 
urrently no
numeri
al investigations of the s
ale height of stellar 
lusters
as a fun
tion of age in the Gala
ti
 Plane. This is most
likely due to the 
omplexity of the problem whi
h requires
following the evolution of individual stars in 
lusters of
varying mass to a

ount for the 
luster dissolution over
time, as well as the 
luster as a whole in the gravitational
potential of the Gala
ti




ale heights of obje
ts of dierent ages with
the here determined evolution of h0 for 
lusters to infer the
basi
 physi
al reasons for the evolution, and in parti
ular
the marked 
hange in behaviour after about 1Gyr.
The dust in the Gala
ti
 Plane has a s
ale height of
about 125 p
 (Drimmel et al. 2003; Marshall et al. 2006)
in the vi
inity of the Sun. At an age of 1Myr, Fig. 6 and
Eq. 7 show that young star 
lusters have a s
ale height of
40 p
. This is right in the middle of the range of s
ale heights
estimated for massive OB-stars (30  50 p
; (Reed 2000; Elias
et al. 2006)). Sin
e the formation of these massive stars
is inextri
ably linked to 
lustered star formation, this is
expe
ted. Thus, the formation of massive stars and 
lusters
is only possible within the densest part of the ISM (within
one third of the dust s





lusters (without OB-stars) forms in
lower density environments, further away from the disk
midplane.
The number of 
lusters de
lines over time (see Fig. 2)
whi
h is well known and understood from numeri
al
models (e.g. Gieles et al. (2008); Gieles (2009); Lamers
& Gieles (2006); Lamers et al. (2005)). Causes of
disruption times
ales depend on both internal and external
pro
esses su
h as e.g. stellar evolution, tidal stripping and
relaxation, sho





onsensus in the literature has
not yet been rea
hed on the role that 
luster mass plays
in disruption (for a dis
ussion see e.g. Bastian (2011)).
The dominant disruption pro
ess at a few 100Myr is




lusters may gain enough energy from
the eje




ale height during that phase. We
nd a 10 p
 in
rease in h0 per dex in 
luster age from the
formation to 1Gyr, but the 
orrelation 
oe
ient is only 0.5,
and as low as 0.1 when only 
onsidering the rst 300Myr of
evolution. Thus for the rst few 100Myr the data suggest no
evolution in h0, but the s
ale height at an age of about 1Gyr
rea
hes about 75 p
. This is 
omparable or smaller than the
s
ale height of other young obje
ts in the disk (e.g. 130 p

for bipolar PNs (Corradi & S
hwarz 1995); 55  120 p
 for
young WDs (Wegg & Phinney 2012))
After the surviving 
lusters rea
h an age of about
1Gyr, or a s
ale height of 75 p
, there is an apparent
sudden in
rease in h0 
orresponding to a 
hange in the
evolutionary behaviour. The in
rease in s
ale height is about
880 p
/dex in age. It has been shown that, assuming mass
dependent disruption, 
lusters with a mass of less than
104M⊙ and within 1 kp
 of the Sun are disrupted after 1Gyr




sub-samples after 1Gyr to be dominated by initially massive
Figure 7. Cluster s






e. The symbols indi
ate dierent age ranges. Diamonds
indi
ate 
lusters younger than 80Myr, triangles indi
ate 
lusters
with ages between 80Myr and 200Myr and squares indi
ate

lusters with ages between 200Myr and 1Gyr. Furthermore, the
dierent CSs are indi
ated by dierent 
olours and symbol sizes;
large bla
k, medium blue, small red for CS 1, 2, 3, respe
tively.

lusters. Thus, if 
lusters have survived for this duration,
they must have been s
attered into an orbit whi
h pla
es
them preferentially far away from the Gala
ti
 mid-plane.
This enables them to spend mu
h less time in the denser
parts of the Gala
ti
 Disk, de
reasing their probability for
disruption via external pro





es of prolonged survival.
In other words, the in
rease in s
ale height also implies
that the population of old 
lusters is dominated by obje
ts
that have undergone at least one violent intera
tion event




 Plane. This observational eviden
e should
hen




al models of 
luster evolution and disruption in the

ontext of the entire Gala
ti
 Disk.
Note that the behaviour of the s
ale height for 
lusters is
markedly dierent to estimates for eld stars. To illustrate
this we have overplotted the prin
iple trend observed for
main sequen
e eld stars of varying ages in Fig. 6. This
qualitative trend has been obtained by utilising 
olour
dependent velo
ity dispersions for main sequen
e stars
presented in Dehnen & Binney (1998). As one 
an see in
Fig. 6, the heating of the stellar 
ompontent of the disk
o





ontinuity around 1Gyr. This demonstrates the
dieren





ale height. While the stellar 
omponent is
heated via N-body intera
tions, the tidal eld and GMCs,
the 
lusters have a mu
h stronger rate of disappearing from
the observational sample with in
reasing age, and are only
moved to large s
ale heights (and thus able to survive) via
intera














 radius, RGC . To eliminate the apparent age









e ranges used in
the investigation of the dependen
e of s





e. We list the 
luster sample, age range,
RGC range as well as the determined s
ale height and zero point
with their respe
tive un
ertainties. Age bin 1 
orresponds to ages
less than 80Myr, age bin 2 
orresponds to ages between 80Myr
and 200Myr and age bin 3 
orresponds to ages between 200Myr
and 1Gyr. Older 
lusters are not in









MWSC 1 6.9± 0.6 90 34 6 -13 3.4
MWSC 1 7.9± 0.7 82 53 10 13 3.8
MWSC 1 9.1± 0.7 60 71 15 -9 5.2
MWSC 2 6.9± 0.6 60 52 11 -4 5.2
MWSC 2 7.9± 0.7 57 57 12 -4 5.5
MWSC 2 9.1± 0.7 33 119 32 2 9.9
MWSC 3 6.9± 0.6 121 53 8 -8 2.6
MWSC 3 7.9± 0.7 134 76 11 -17 2.6
MWSC 3 9.1± 0.7 151 83 12 -23 2.6
DAML02 1 7.4± 0.4 23 37 12 -37 15
DAML02 1 8.0± 0.3 66 52 11 -13 4.7
DAML02 1 8.6± 0.3 33 106 28 -49 9.9
DAML02 2 7.4± 0.4 21 80 26 -4 16
DAML02 2 8.0± 0.3 32 69 19 -21 10
DAML02 2 8.5± 0.3 15 64 24 -26 23
DAML02 3 7.4± 0.4 45 66 16 -14 7.1
DAML02 3 8.0± 0.3 68 52 10 -4 4.6
DAML02 3 8.5± 0.3 38 115 29 -17 8.5
WEBDA 1 7.4± 0.4 23 39 12 -41 15
WEBDA 1 8.0± 0.3 59 54 11 -21 5.3
WEBDA 1 8.5± 0.3 24 120 37 -72 14
WEBDA 2 7.4± 0.4 21 80 26 -5 16
WEBDA 2 8.0± 0.3 28 69 20 -13 12
WEBDA 2 8.5± 0.3 16 82 30 -36 22
WEBDA 3 7.4± 0.4 44 68 16 -14 7.3
WEBDA 3 8.0± 0.3 64 57 12 -17 4.9




t. 5.2.1, we determine h0 for 4 age
bins. These are: bin 1  age less than 80Myr; bin 2  age
between 80Myr and 200Myr; bin 3  age between 200Myr
and 1Gyr; bin 4  age above 1Gyr. Ea
h of these age bins
is separated into 3 ranges for the RGC values per 
luster
sample. See Table 2 for details of ea
h bin. Note that this
table does not 
ontain the details for the oldest age bin 4,
as the pau
ity of old 
lusters did not allow to split them
into several RGC bins and still being able to determine s
ale




y to draw any
meaningful 
on
lusions. In Fig. 7 we show that there is a




an be expressed as:
h0[pc] ∝ 0.02 ·RGC [pc] (8)
where h0 is s





e of a 
luster sample. There is

onsiderable s
atter, but the Pearson Correlation Coe
ient
for the data points, determined in
luding the un
ertainties,
ranges from 0.75 to 0.85 for the age bins 1  3. It has a value
of 0.80 for the 
ombined sample of all three age bins shown
in Fig. 7. The trend of in
reasing s
ale height with Rgc is
virtually identi
al for the age bins 2 and 3, and only slightly
stronger for the youngest 
lusters in bin 1. Note that at the
solar distan
e to the Gala
ti
 Centre (assumed to be 8 kp
)
the 
lusters have a s
ale height of about 65 p
.
For some of the above not 
onsidered RGC bins of the
old 
lusters (age above 1Gyr), we where able to determine
the s
ale height. The values for h0 are dominated by the
younger 
lusters in the age bin, and all s
ale heights are
between 200 p
 and 400 p
. However, no 
orrelation of the
s
ale height with RGC is evident for these older 
lusters.
This is expe




ated that the old obje
ts are dominated by 
lusters
s
attered away from the plane in the past.
As for the age evolution of the s
ale height, there
are to the best of our knowledge no numeri
al simulations
to investigate this. Hen
e, our data should proof vital
to 




luster evolution in the Gala
ti
 Disk. However, we 
an
try to understand this weak observed trend to infer its

ause. Sin




onsidering the dierent age bins, and have found that
there is almost no evolution of h0 for the rst few 100Myr,
any trend in the s
ale height of the 
luster sample has
to be imprinted on it during the formation. Indeed there
seems to be a moderate aring of the mole
ular (star
forming) material in the disk (e.g. Sanders et al. (1984);




lude OB-stars) should also form 
loser to the mid-plane.
These are the obje
ts whi
h are more likely to survive for




aused by the fa
t that at smaller RGC values there are more
massive 
lusters formed, originally 
loser to the mid-plane,
than further out at larger RGC . Hen
e the s
ale height is
dominated by originally higher mass 
lusters towards low
RGC and by less massive 
lusters at higher RGC . However,
only detailed numeri
al simulations of 
luster populations





mass estimates, both outside the s
ope of this work, 
an
investigate this properly. Note that this weak trend 
ould in









We also investigate how Z0 
hanges with 
luster age and
RGC . We nd that there is no dependen
y of Z0 with any
of the parameters for our samples. This is an expe
ted
result as the spatial distribution of 
















luster age, Z0 will remain 
onstant and
only depend on the position of the Sun with respe
t o the
plane.
We have used this to average all the Z0 values in our




t to the Gala
ti
 Plane based on the lo
al
distribution of stellar 
lusters. We nd a mean value of
Z0 = −18.5 ± 1.2pc, and thus Z⊙ = 18.5 ± 1.2pc (whi
h is
in agreement with a

epted literature values based on other
obje
ts, see e.g. Reed (2006), Humphreys & Larsen (1995)).





We aim to study the temporal and spatial evolution of the
s
ale height of star 
lusters in the Gala
ti
 Plane.
In a rst step we su

essfully determined ages of 298

lusters from the FSR list by (Froebri
h et al. 2007) by
tting iso
hrones. We used our automati
ally determined
distan
es and reddening values from Bu
kner & Froebri
h
(2013) as starting points. Our FSR sub-sample is dominated
by old obje
ts (age > 500Myr) with distan
es between
1.5 kp




obtained by the iso
hrone tting and our purely automati

method based on NIR photometry (Bu
kner & Froebri
h
2013) show a good 
orrelation with Pearson Correlation
Coe
ients of 0.89 and 0.95, respe
tively.
We have developed a novel method to determine
the s
ale height and verti
al zero point of 
luster
distributions using models and Kolmogorow-Smirnov tests.
This signi
antly lessens the restraint on the sample size
and allows us to measure s





luster samples as small as 38 obje
ts. At the same time
we are able to infer the sample zero point within 8.5 p
. For




To investigate the temporal evolution of 
luster s
ale
height we investigated homogeneously sele
ted sub-samples
of star 




henko et al. 2013), DAML02 (Dias et al.
2002), WEBDA, FSR (Froebri
h et al. 2007)). The sele
ted
sub-sample of the FSR list is too small to be in
luded
in our subsequent analysis. We nd that most of our
results are independent of the 
luster 
atalogue, despite




parameter estimation. As expe
ted, the MWSC 
atalogue
in 
ombination with our novel s
ale height determination
method, provides the best 'time resolution' for our
investigation.
We nd that star 
lusters are formed (age 1Myr) with a
s
ale height of 40 p
. This is the same as what has been found
for OB-stars (Reed 2000; Elias et al. 2006), demonstrating
the link of massive and 
lustered star formation. For the
next 1Gyr the s
ale height of the surviving 
lusters only
marginally in
reases by about 10 p
 per dex in age until
it rea
hes about 75 p
. The data are in agreement with no
evolution of h0 for the rst few 100Myr.
Fom 1Gyr onwards the s




antly faster with about
880 p
 per dex in age. The reason for this is most likely
that the old 




attered by one or more intera
tions with Giant
Mole
ular Clouds into orbits away from the Gala
ti
 Plane.
Clusters that do not undergo su
h a violent event will stay

lose to the plane, and not survive to ages of several Gyr.
This is markedly dierent to the behaviour of the stellar

omponent in the Gala
ti
 Disk.
We further nd a weak age-independent trend of 
luster
s
ale height with distan




aused by the mass dependen
e of the formation
of stellar 
lusters in the disk or a metalli
ity gradient. No
signi
ant temporal or spatial variations of the zero point
of the 
luster distribution have been found. Based on the

luster distribution we estimate that the Sun has a position
of 18.5± 1.2 p
 above the Gala
ti
 Plane, in agreement with
past measurements using dierent tra
ers.
A detailed understanding of the here presented
observational eviden
e 
an however only be a
hieved with
numeri










es from GAIA, larger

omplete samples of 
lusters, as well as a

urate mass
estimates for them will 
ertainly aid our understanding of
how the dissolution of 
lusters over time 
ontributes to the
stellar 
ontent of the thin and thi
k disk of the Galaxy.
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APPENDIX A: FSR CLUSTER PROPERTY TABLE
Table A1: Summary table of the FSR 
luster properties determined with
our iso
hrone-tting pipeline (the full table will be published online
only). The table lists the FSR ID number, the 
luster type (known
open 




lass (PMS or OC),
the distan
e in kiloparse
 determined using our photometri
 method in
Paper I (DP1), our pipeline (DP2) and un




ulated from H − K ex
ess using our photometri

method in Paper I (AP1H ), our pipeline (A
P2




the age in log(age/yr) and un
ertainty (∆ log(age/yr)). Note that
∆AP2H and ∆log(age/yr) are only the statisti
al variations of the three
iso





the use of solar metalli
ity iso
hrones.





ID [deg℄ [deg℄ [kp
℄ [kp
℄ [kp
℄ [mag℄ [mag℄ [mag℄ [log(age/yr)℄ [log(age/yr)℄
0032 Known OC 9.28 -2.53 2.8 1.70 0.00 0.21 0.22 0.00 9.10 0.00
0045 Known OC 12.87 -1.32 2.2 2.60 0.00 0.20 0.32 0.00 8.50 0.00
0071 Known OC 23.89 -2.91 1.9 2.00 0.21 0.21 0.29 0.02 7.60 0.17
0074 Known OC 25.36 -4.31 3.5 5.30 0.00 0.18 0.02 0.00 9.50 0.00
0082 Known OC 27.31 -2.77 1.1 1.60 0.07 0.09 0.14 0.03 8.60 0.09
0089 New OC 29.49 -0.98 4.5 6.50 0.07 1.53 1.50 0.00 8.50 0.03
0101 New OC 35.15 1.75 3.2 1.60 0.00 1.07 1.05 0.00 9.20 0.00
0109 Known OC 37.17 2.62 1.7 1.50 0.03 0.52 0.59 0.01 9.00 0.00
0111 Known OC 38.66 -1.64 2.0 1.80 0.00 0.19 0.30 0.00 8.80 0.00
0113 Known OC 39.10 -1.68 1.6 2.10 0.07 0.29 0.39 0.04 8.60 0.18
0115 Known OC 40.35 -0.70 2.4 2.20 0.00 0.80 1.10 0.00 7.10 0.00
0122 Known OC 45.70 -0.12 2.1 2.30 0.30 0.64 0.74 0.02 8.60 0.12
0124 New OC 46.48 2.65 3.7 1.10 0.00 0.48 0.45 0.00 9.30 0.00
0127 Known OC 48.89 -0.94 2.6 2.90 0.18 0.60 0.64 0.01 8.20 0.02
0133 New OC 51.12 -1.17 4.2 2.40 0.18 0.87 0.99 0.03 8.70 0.09
0138 Known OC 53.22 3.34 2.5 3.10 0.07 0.36 0.41 0.01 9.10 0.09
0144 Known OC 56.34 -4.69 1.9 1.70 0.20 0.02 0.05 0.03 7.80 0.10
0154 New OC 60.00 -1.08 3.2 3.90 0.00 0.54 0.55 0.00 8.60 0.13
0157 New OC 62.02 -0.70 2.2 1.10 0.00 0.58 0.65 0.00 6.80 0.00
0167 New OC 65.16 -2.41 2.4 1.60 0.15 0.42 0.43 0.03 8.70 0.12
0168 Known OC 65.53 -3.97 1.4 1.00 0.05 0.09 0.09 0.00 8.60 0.03
0169 Known PMS 65.69 1.18 2.5 2.40 0.00 0.08 0.36 0.00 7.60 0.00
0177 Known OC 67.64 0.85 3.1 2.80 0.00 0.15 0.30 0.00 9.20 0.00
0186 Known OC 69.97 10.91 2.0 4.10 0.00 0.25 0.12 0.00 9.50 0.00
0187 Known OC 70.31 1.76 4.5 5.20 0.00 0.34 0.29 0.00 8.70 0.00
0188 New OC 70.65 1.74 8.3 10.50 1.00 0.69 0.62 0.02 8.60 0.05
0190 New OC 70.73 0.96 10.2 11.60 0.00 1.31 1.26 0.00 8.80 0.00
0191 New OC 70.99 2.58 3.8 2.40 0.37 0.56 0.59 0.04 8.50 0.18
0195 New PMS 72.07 -0.99 4.1 1.90 0.00 0.99 1.15 0.00 7.60 0.00
0197 New OC 72.16 0.30 3.7 1.80 0.00 0.62 0.70 0.00 8.90 0.00
0202 Known OC 73.99 8.49 1.5 1.80 0.10 0.02 0.07 0.00 9.20 0.05
0205 Known OC 75.24 -0.67 6.9 7.60 0.00 1.45 1.40 0.00 8.50 0.00
0207 Known PMS 75.38 1.30 2.0 1.40 0.00 0.03 0.30 0.00 7.00 0.00
0208 Known OC 75.70 0.99 3.2 3.40 0.20 0.42 0.56 0.02 8.20 0.12
0214 New OC 77.71 4.18 5.8 6.50 0.00 0.29 0.23 0.01 8.90 0.05
0216 Known OC 78.01 -3.36 1.7 1.40 0.06 0.10 0.16 0.02 8.90 0.08
0218 Known OC 78.10 2.79 2.7 1.00 0.00 0.37 0.38 0.00 7.40 0.00
0231 Known OC 79.57 6.83 1.3 1.30 0.06 -0.00 0.05 0.02 8.80 0.03
0233 Known OC 79.87 -0.93 3.4 1.60 0.10 1.23 1.30 0.00 9.00 0.05
0257 New OC 83.13 4.84 2.8 2.30 0.00 0.26 0.24 0.00 9.50 0.00
0267 Known OC 85.68 -1.52 2.0 2.10 0.00 0.36 0.38 0.03 8.80 0.10
0268 Known OC 85.90 -4.14 3.6 3.10 0.40 0.43 0.37 0.01 9.10 0.15
0275 New OC 87.20 0.97 5.1 2.40 0.00 0.52 0.40 0.00 9.30 0.00
0276 New OC 87.32 5.75 7.4 7.10 0.00 0.62 0.75 0.00 8.60 0.00
Continued on next page
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ID [deg℄ [deg℄ [kp
℄ [kp
℄ [kp
℄ [mag℄ [mag℄ [mag℄ [log(age/yr)℄ [log(age/yr)℄
0280 Known OC 88.24 0.26 4.5 4.10 0.00 0.43 0.49 0.00 9.00 0.00
0282 New OC 88.75 1.05 2.6 2.70 0.00 0.45 0.56 0.02 8.80 0.09
0285 Known OC 89.62 -0.39 2.4 2.50 0.00 0.22 0.31 0.02 8.50 0.06
0286 Known OC 89.98 -2.73 1.8 1.80 0.06 0.09 0.18 0.01 8.90 0.06
0293 New OC 91.03 -2.75 2.3 1.40 0.00 0.06 0.15 0.00 8.30 0.00
0294 New OC 91.27 2.34 2.7 1.60 0.24 0.48 0.49 0.06 7.60 0.32
0301 Known PMS 93.04 1.80 4.0 2.00 0.00 0.71 1.00 0.00 7.50 0.00
0309 Known OC 94.42 0.19 1.7 1.60 0.09 0.18 0.30 0.02 8.20 0.06
0320 New OC 96.38 1.24 2.3 1.40 0.15 0.15 0.16 0.03 7.40 0.20
0327 Known OC 97.34 0.45 3.1 1.90 0.00 0.43 0.42 0.00 7.90 0.00
0336 New OC 99.09 0.96 2.5 2.30 0.12 0.37 0.52 0.02 7.30 0.38
0342 New OC 99.76 -2.21 2.5 2.50 0.23 0.22 0.18 0.02 8.90 0.03
0343 Known OC 99.96 -2.69 2.1 2.30 0.10 0.04 0.07 0.01 8.80 0.06
0348 Known OC 101.37 -1.86 2.0 2.10 0.00 -0.01 0.01 0.01 9.00 0.03
0349 Known OC 101.41 -0.60 3.2 3.20 0.00 0.20 0.19 0.02 8.80 0.03
0352 Known OC 102.69 0.80 2.7 1.80 0.15 0.06 0.35 0.03 7.60 0.19
0358 New OC 103.35 2.21 9.9 10.60 0.12 1.08 1.00 0.03 8.70 0.02
0363 Known OC 104.05 0.92 2.9 2.90 0.00 0.23 0.18 0.00 9.10 0.00
0373 Known OC 105.35 9.50 2.2 2.20 0.00 0.15 0.13 0.01 9.50 0.00
0375 Known OC 105.47 1.20 2.6 2.60 0.00 0.40 0.70 0.00 7.60 0.00
0381 New OC 106.64 -0.39 2.3 2.20 0.00 0.16 0.16 0.03 8.80 0.06
0382 Known OC 106.64 0.36 2.8 2.40 0.25 0.34 0.32 0.03 8.60 0.10
0384 New OC 106.75 -2.95 2.1 1.20 0.00 0.03 0.05 0.00 7.60 0.00
0385 New OC 106.96 0.12 3.0 1.90 0.00 0.40 0.35 0.00 9.00 0.00
0388 New OC 107.32 5.13 4.9 5.00 0.23 0.89 0.85 0.01 8.90 0.03
0392 Known OC 107.79 -1.02 2.6 2.10 0.20 0.19 0.21 0.01 8.70 0.03
0395 Known OC 108.49 -2.79 3.0 2.50 0.21 0.20 0.26 0.01 7.70 0.13
0396 Known OC 108.51 -0.38 3.0 2.50 0.09 0.40 0.58 0.01 7.80 0.03
0400 Known OC 109.13 1.12 4.1 2.00 0.00 0.65 1.00 0.00 7.30 0.00
0411 Known OC 110.58 0.14 2.9 2.10 0.00 0.31 0.26 0.00 9.00 0.00
0412 Known OC 110.70 0.48 6.8 6.60 0.00 0.84 0.78 0.01 8.90 0.00
0415 Known OC 110.92 0.07 2.0 1.80 0.10 0.18 0.43 0.00 7.40 0.05
0423 New OC 111.48 5.19 3.2 3.10 0.12 0.42 0.43 0.03 9.20 0.03
0430 New OC 112.71 3.22 2.3 1.50 0.00 0.30 0.25 0.00 8.70 0.00
0433 Known OC 112.86 0.17 2.3 1.80 0.00 0.09 0.25 0.00 8.10 0.00
0434 Known OC 112.86 -2.86 2.2 2.10 0.00 0.23 0.25 0.00 8.40 0.03
0444 New OC 114.51 2.63 2.4 2.20 0.00 0.35 0.40 0.01 8.80 0.07
0457 Known OC 116.13 -0.14 1.9 1.60 0.12 0.04 0.09 0.02 8.40 0.09
0458 Known OC 116.44 -0.78 2.2 1.80 0.06 0.07 0.14 0.01 8.00 0.08
0461 Known OC 116.60 -1.01 2.7 2.60 0.12 0.16 0.16 0.04 8.40 0.23
0467 Known OC 117.15 6.49 3.2 3.10 0.00 0.40 0.39 0.02 9.40 0.10
0468 Known OC 117.22 5.86 1.8 0.80 0.00 0.23 0.32 0.00 9.00 0.00
0475 Known OC 117.99 -1.30 2.7 2.70 0.17 0.20 0.23 0.02 9.10 0.00
0480 New OC 118.59 -1.09 6.0 5.60 0.00 0.65 0.56 0.01 8.80 0.03
0490 Known OC 119.78 1.70 3.6 1.50 0.00 0.38 0.40 0.01 9.10 0.00
0491 Known OC 119.80 -1.38 2.0 2.00 0.10 0.12 0.11 0.03 8.80 0.07
0493 Known OC 119.93 -0.09 2.6 2.20 0.15 0.05 0.06 0.02 8.30 0.09
0494 New OC 120.07 1.03 3.2 2.90 0.00 0.21 0.25 0.02 9.40 0.07
0496 New OC 120.26 1.29 3.4 1.30 0.20 0.36 0.35 0.00 9.10 0.05
0502 Known OC 120.88 0.51 2.2 2.10 0.00 -0.00 0.17 0.00 8.00 0.00
0512 Known OC 122.09 1.33 2.6 2.20 0.12 0.11 0.21 0.03 8.80 0.06
0519 New OC 123.05 1.78 3.2 3.30 0.00 0.27 0.30 0.00 8.30 0.00
0523 New OC 123.59 5.60 2.2 2.10 0.00 0.22 0.22 0.03 9.20 0.14
0525 Known OC 124.01 1.07 2.3 2.00 0.06 0.14 0.23 0.02 7.90 0.10
0528 Known OC 124.69 -0.60 2.7 2.40 0.12 0.38 0.57 0.01 7.50 0.15
0529 Known OC 124.95 -1.21 2.4 1.10 0.07 0.08 0.16 0.01 8.50 0.06
0536 New OC 126.13 0.37 3.0 2.20 0.27 0.45 0.52 0.04 8.50 0.13
0540 Known OC 126.64 -4.38 1.6 1.60 0.13 -0.01 0.02 0.01 8.20 0.03
Continued on next page
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ID [deg℄ [deg℄ [kp
℄ [kp
℄ [kp
℄ [mag℄ [mag℄ [mag℄ [log(age/yr)℄ [log(age/yr)℄
0542 New OC 126.83 0.38 4.7 4.40 0.00 0.52 0.55 0.01 9.10 0.09
0543 Known OC 127.20 0.76 2.7 2.40 0.00 0.24 0.24 0.03 8.90 0.12
0548 Known OC 127.75 2.09 3.5 3.20 0.03 0.29 0.32 0.00 9.00 0.00
0550 Known OC 128.03 -1.80 1.8 1.70 0.00 -0.02 0.01 0.01 8.10 0.19
0552 Known OC 128.22 -1.11 2.4 2.00 0.00 0.08 0.17 0.00 7.80 0.00
0554 Known PMS 128.56 1.74 2.8 2.00 0.00 0.03 0.28 0.00 8.00 0.00
0556 Known OC 129.08 -0.35 1.8 1.60 0.00 0.10 0.23 0.02 8.30 0.09
0557 Known OC 129.38 -1.53 2.5 2.00 0.15 0.11 0.18 0.01 8.40 0.08
0559 Known OC 129.51 -0.96 2.1 2.40 0.27 0.15 0.32 0.02 7.20 0.15
0563 Known OC 130.05 -0.16 4.6 5.10 0.45 0.50 0.41 0.02 8.90 0.06
0567 Known PMS 130.13 0.38 3.2 2.20 0.00 0.24 0.35 0.00 7.70 0.00
0574 Known OC 132.42 -6.14 2.5 1.20 0.06 0.10 0.13 0.00 8.50 0.00
0585 Known OC 134.21 1.07 4.2 3.60 0.18 0.57 0.55 0.04 8.80 0.19
0592 Known OC 135.34 -0.37 2.8 1.10 0.00 0.27 0.22 0.00 6.70 0.00
0594 Known OC 135.44 -0.49 2.8 2.20 0.17 0.25 0.36 0.02 9.00 0.03
0598 Known PMS 135.85 0.27 1.9 2.20 0.00 0.36 0.60 0.00 7.30 0.00
0599 Known OC 136.05 -1.15 2.3 1.90 0.12 0.21 0.24 0.06 8.70 0.26
0603 Known OC 136.31 -2.63 1.9 1.50 0.12 0.10 0.18 0.03 8.10 0.24
0615 Known PMS 137.82 -1.75 2.6 1.90 0.00 0.29 0.40 0.00 7.70 0.00
0619 Known OC 138.10 -4.75 2.5 1.40 0.00 0.11 0.10 0.00 9.20 0.00
0623 New OC 138.62 8.90 2.4 1.80 0.00 0.32 0.26 0.00 9.10 0.00
0624 Known OC 139.42 0.18 5.9 5.60 0.10 0.71 0.60 0.00 9.10 0.03
0636 Known PMS 143.34 -0.13 1.8 0.80 0.00 0.25 0.35 0.00 7.70 0.00
0639 Known OC 143.78 -4.27 2.4 2.10 0.07 0.26 0.35 0.01 8.80 0.00
0641 Known OC 143.94 3.60 2.5 1.60 0.05 0.23 0.35 0.01 8.40 0.05
0644 Known OC 145.11 -3.99 2.5 2.00 0.09 0.24 0.21 0.02 8.30 0.03
0645 Known OC 145.92 -2.99 3.2 1.60 0.00 0.38 0.33 0.00 7.60 0.00
0648 Known OC 146.67 -8.92 1.9 2.50 0.00 0.03 0.08 0.00 8.90 0.00
0651 Known OC 147.08 -0.50 3.9 3.50 0.00 0.68 0.75 0.00 9.20 0.00
0652 Known OC 147.52 5.66 3.3 3.20 0.35 0.31 0.25 0.00 9.10 0.06
0658 Known OC 149.81 -1.01 3.6 3.20 0.00 0.57 0.71 0.04 8.10 0.05
0659 Known OC 149.85 0.19 2.7 1.40 0.00 0.23 0.28 0.03 8.60 0.10
0677 Known OC 154.84 2.49 3.0 2.10 0.20 0.31 0.39 0.01 9.10 0.03
0679 Known OC 155.01 -15.32 1.8 0.60 0.00 0.18 0.20 0.00 8.60 0.00
0694 Known OC 158.59 -1.57 2.7 2.60 0.13 0.23 0.29 0.03 8.80 0.07
0705 New OC 160.71 4.86 4.8 4.60 0.35 0.31 0.20 0.02 8.90 0.10
0710 Known OC 161.65 -2.01 4.0 3.10 0.05 0.44 0.45 0.01 9.00 0.00
0713 Known OC 162.02 -2.39 3.1 2.70 0.00 0.27 0.30 0.00 9.10 0.00
0718 Known PMS 162.27 1.62 2.9 2.70 0.00 0.23 0.55 0.00 7.30 0.00
0726 Known OC 162.81 0.66 5.4 5.00 0.00 0.37 0.30 0.00 8.80 0.00
0727 New OC 162.91 4.31 2.9 1.70 0.19 0.16 0.21 0.02 8.80 0.09
0728 New OC 162.92 -6.88 2.3 1.30 0.00 0.25 0.20 0.00 9.00 0.00
0731 Known OC 163.58 5.05 5.1 4.20 0.00 0.36 0.30 0.00 9.30 0.00
0755 Known OC 168.44 1.22 3.3 2.80 0.18 0.13 0.20 0.01 8.50 0.03
0769 Known OC 171.90 0.45 5.8 4.40 0.00 0.48 0.42 0.00 9.10 0.00
0774 Known OC 172.64 0.33 2.5 1.50 0.03 0.11 0.22 0.01 8.70 0.03
0790 New OC 173.75 -5.87 3.4 3.20 0.00 0.26 0.18 0.00 9.20 0.00
0792 Known OC 174.10 -8.85 2.4 1.90 0.10 0.14 0.18 0.02 8.60 0.06
0793 New OC 174.44 -1.86 4.3 4.00 0.00 0.39 0.34 0.00 8.80 0.00
0794 Known PMS 174.54 1.08 2.0 1.20 0.00 0.06 0.20 0.00 7.30 0.00
0802 New OC 176.17 6.02 2.6 2.00 0.00 0.17 0.24 0.00 8.70 0.00
0814 New OC 177.06 -0.41 3.1 1.60 0.20 0.35 0.45 0.03 8.00 0.15
0822 Known OC 179.11 -10.46 1.8 0.80 0.03 0.10 0.18 0.02 8.60 0.12
0825 New OC 179.32 1.26 3.0 2.90 0.00 0.14 0.21 0.00 8.80 0.00
0828 New OC 179.92 1.75 5.7 5.00 0.00 0.44 0.28 0.00 8.90 0.00
0829 Known OC 179.96 -0.29 2.8 2.10 0.00 0.27 0.21 0.00 9.20 0.00
0847 Known OC 182.74 0.48 4.1 4.00 0.00 0.48 0.54 0.01 9.00 0.03
0854 Known OC 184.77 -13.51 1.7 1.70 0.00 0.06 0.06 0.03 9.30 0.12
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0866 New OC 186.33 13.84 2.1 1.30 0.00 0.01 0.05 0.00 9.10 0.00
0867 Known OC 186.37 1.26 2.5 1.60 0.07 0.11 0.13 0.03 8.40 0.16
0870 Known PMS 186.61 0.15 2.6 1.60 0.00 0.19 0.40 0.00 7.30 0.00
0872 Known OC 186.64 1.80 4.4 3.10 0.00 0.25 0.19 0.00 9.40 0.00
0881 New OC 188.06 -2.22 4.6 4.20 0.00 0.40 0.35 0.00 8.90 0.00
0883 New OC 188.11 0.15 2.7 2.50 0.00 0.18 0.26 0.03 8.60 0.10
0904 New PMS 191.03 -0.78 3.1 2.00 0.00 0.34 0.43 0.00 7.30 0.00
0942 New OC 195.58 -3.59 2.9 2.80 0.05 0.29 0.36 0.03 8.90 0.10
0959 Known OC 197.21 8.92 2.0 4.10 0.00 -0.02 0.03 0.00 8.80 0.00
0961 Known OC 197.24 -2.34 3.0 2.90 0.00 0.13 0.17 0.01 8.80 0.03
0971 Known OC 198.04 -5.80 3.1 3.00 0.00 0.25 0.19 0.00 9.40 0.00
0972 Known OC 198.11 19.65 1.7 1.50 0.00 -0.01 0.02 0.00 9.40 0.00
0973 Known OC 199.03 -10.38 2.3 1.70 0.00 0.17 0.15 0.00 8.50 0.00
0982 Known OC 201.79 2.11 2.6 2.50 0.00 0.18 0.22 0.01 9.00 0.05
0987 New OC 202.42 -5.12 3.2 2.00 0.17 0.21 0.31 0.02 8.10 0.18
0995 Known OC 203.38 11.82 1.8 1.80 0.07 -0.02 0.03 0.01 9.00 0.07
1002 Known OC 204.37 -1.69 2.9 2.60 0.24 0.13 0.16 0.02 9.00 0.12
1037 Known OC 207.91 0.30 2.7 1.70 0.03 0.08 0.10 0.01 8.60 0.03
1042 Known OC 208.57 -1.78 2.5 1.20 0.10 0.24 0.26 0.02 8.20 0.12
1055 Known OC 210.57 -2.10 3.2 3.10 0.00 0.24 0.26 0.01 9.00 0.03
1059 Known OC 210.81 -0.24 2.5 1.60 0.09 0.03 0.09 0.03 8.40 0.19
1063 New OC 211.25 -3.86 2.9 1.80 0.00 0.15 0.18 0.00 9.10 0.00
1070 Known OC 212.16 -3.43 5.5 5.30 0.00 0.39 0.30 0.02 9.00 0.09
1089 Known OC 213.46 3.30 2.5 2.60 0.18 -0.07 0.00 0.00 9.00 0.03
1101 Known OC 214.54 -0.85 3.1 2.00 0.00 0.07 0.06 0.00 9.30 0.00
1104 Known OC 215.31 -2.27 2.8 2.00 0.17 0.11 0.12 0.02 8.60 0.09
1127 Known OC 217.76 -0.69 2.6 1.80 0.17 0.10 0.12 0.02 8.70 0.00
1148 Known OC 219.85 -2.23 2.7 2.40 0.13 0.08 0.20 0.01 8.20 0.12
1165 Known OC 222.04 -5.31 3.1 3.00 0.00 0.18 0.14 0.01 9.10 0.03
1173 New OC 223.29 -0.48 3.3 2.10 0.30 0.17 0.16 0.04 8.70 0.05
1174 Known OC 223.54 10.09 2.9 2.80 0.00 0.15 0.10 0.00 10.00 0.03
1189 Known PMS 224.67 0.40 2.0 1.20 0.00 -0.01 0.10 0.00 8.00 0.00
1206 Known OC 226.59 -2.30 2.8 2.70 0.00 0.12 0.30 0.01 7.70 0.10
1214 Known OC 227.49 -0.56 5.7 4.10 0.00 0.47 0.36 0.00 9.40 0.00
1215 Known OC 227.87 5.38 2.0 2.00 0.00 -0.06 0.00 0.00 9.10 0.03
1222 Known OC 228.95 4.51 2.2 1.60 0.05 -0.01 0.01 0.01 9.20 0.00
1230 Known OC 230.58 9.95 1.7 2.50 0.00 0.00 0.02 0.00 9.20 0.00
1231 Known OC 230.80 1.01 4.9 1.70 0.00 0.39 0.28 0.00 9.50 0.00
1240 Known OC 231.80 -0.59 3.0 2.50 0.45 0.19 0.29 0.05 8.40 0.20
1246 Known OC 232.35 -7.30 2.1 2.10 0.03 0.10 0.17 0.01 8.80 0.00
1267 New OC 235.48 1.80 2.4 1.90 0.20 -0.01 0.05 0.01 8.90 0.00
1271 Known OC 235.99 5.38 2.5 1.70 0.12 0.12 0.10 0.02 8.80 0.03
1272 Known OC 236.06 -4.62 3.2 1.60 0.00 0.04 0.06 0.00 9.20 0.00
1274 Known OC 236.28 0.07 2.2 2.20 0.00 -0.00 0.09 0.02 8.30 0.12
1284 New OC 237.94 -5.08 2.8 2.20 0.20 0.11 0.18 0.03 8.40 0.20
1288 Known OC 238.22 -3.34 2.9 1.40 0.12 0.02 0.08 0.01 8.10 0.10
1291 Known OC 238.40 -6.78 2.1 1.00 0.00 -0.01 0.05 0.00 9.00 0.00
1299 Known OC 239.93 -4.94 3.3 1.70 0.15 0.24 0.34 0.00 8.30 0.06
1305 New OC 241.57 -2.51 2.9 2.10 0.03 0.02 0.17 0.01 8.50 0.07
1323 Known OC 245.67 -4.31 4.2 4.20 0.00 0.18 0.13 0.00 9.00 0.00
1325 Known OC 245.91 -1.74 5.2 2.90 0.00 0.49 0.40 0.00 9.20 0.00
1328 Known OC 246.45 -4.46 2.2 2.20 0.00 0.04 0.04 0.01 8.30 0.00
1330 Known OC 246.72 -0.77 2.2 1.60 0.06 0.12 0.20 0.01 8.60 0.03
1333 Known OC 246.79 3.37 2.4 2.20 0.00 0.09 0.08 0.00 9.10 0.00
1337 Known OC 247.71 -2.52 2.9 1.50 0.00 0.27 0.33 0.00 9.10 0.00
1338 Known OC 247.81 1.31 2.4 2.50 0.07 0.08 0.09 0.04 8.80 0.07
1340 Known OC 247.95 -4.15 3.1 1.90 0.09 0.27 0.32 0.01 8.60 0.03
1347 New OC 248.97 -4.12 3.0 1.40 0.00 0.28 0.23 0.00 9.00 0.00
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1354 Known OC 249.83 2.97 2.2 1.60 0.03 -0.02 0.05 0.01 8.60 0.03
1358 Known OC 250.44 1.60 2.1 2.10 0.00 -0.05 0.01 0.00 8.60 0.00
1361 New OC 251.56 -5.00 2.8 1.80 0.15 0.18 0.23 0.00 9.00 0.05
1362 Known OC 251.60 6.65 1.9 1.70 0.00 0.01 0.05 0.00 9.00 0.00
1373 Known OC 254.57 6.08 1.3 2.80 0.09 -0.01 0.02 0.01 8.90 0.03
1375 Known OC 255.61 3.98 2.3 2.30 0.00 0.15 0.09 0.00 9.10 0.00
1384 Known OC 257.27 4.27 2.0 2.10 0.13 0.15 0.16 0.01 9.20 0.03
1386 Known OC 257.99 -1.00 5.5 5.70 0.00 0.78 0.69 0.03 8.90 0.07
1387 New OC 258.12 -1.33 4.6 4.70 0.00 0.69 0.63 0.00 8.80 0.00
1388 Known OC 258.50 2.30 3.0 3.20 0.13 0.29 0.23 0.01 9.20 0.06
1392 Known OC 258.87 -3.33 6.3 2.90 0.00 0.72 0.57 0.00 9.20 0.00
1393 Known OC 259.06 2.00 3.5 3.80 0.00 0.38 0.27 0.00 8.90 0.00
1399 New OC 259.95 2.06 2.1 2.60 0.00 0.33 0.33 0.00 9.30 0.00
1404 Known OC 261.53 3.76 2.6 2.70 0.00 0.26 0.22 0.01 9.20 0.00
1415 New OC 263.74 -1.81 9.1 9.30 0.00 0.84 0.78 0.01 9.10 0.07
1420 Known OC 264.09 -5.51 2.4 3.10 0.00 0.14 0.15 0.00 9.10 0.00
1424 New PMS 264.19 0.18 2.8 1.10 0.00 0.48 0.47 0.00 7.30 0.00
1430 New OC 264.65 0.08 7.0 7.10 0.00 1.32 1.30 0.01 8.50 0.00
1433 Known PMS 264.81 -2.91 3.0 1.30 0.00 0.10 0.20 0.00 7.50 0.00
1436 New PMS 264.91 -2.87 3.4 2.00 0.00 0.18 0.30 0.00 7.00 0.00
1444 Known OC 265.80 -5.01 3.4 2.40 0.00 0.17 0.12 0.00 9.00 0.00
1450 New OC 266.94 -0.37 5.8 5.90 0.00 1.00 0.95 0.00 8.80 0.00
1452 New OC 267.60 -2.09 3.0 2.10 0.20 0.21 0.27 0.03 8.50 0.15
1458 Known OC 268.65 3.21 2.1 1.50 0.00 0.16 0.19 0.00 9.20 0.00
1460 New OC 269.13 -0.19 3.7 3.50 0.15 0.83 0.94 0.01 9.00 0.00
1472 Known OC 270.76 3.22 2.4 2.50 0.00 0.37 0.37 0.00 8.90 0.00
1480 Known OC 272.50 2.87 2.1 2.00 0.00 0.13 0.15 0.00 9.30 0.00
1482 Known OC 273.13 -0.77 2.3 2.20 0.07 0.20 0.27 0.01 8.10 0.07
1487 Known OC 273.82 -15.89 1.2 0.40 0.00 0.01 0.06 0.01 7.90 0.06
1502 Known OC 277.11 -0.81 2.3 1.50 0.00 0.09 0.12 0.00 9.00 0.00
1508 New OC 278.51 -0.61 2.9 2.70 0.09 0.27 0.41 0.02 7.90 0.09
1515 Known OC 279.48 0.15 2.6 2.80 0.07 0.12 0.14 0.01 9.20 0.00
1520 New OC 280.21 0.07 2.4 1.70 0.00 0.16 0.13 0.00 9.40 0.00
1521 New OC 280.44 -1.62 5.8 5.90 0.00 0.53 0.47 0.00 9.20 0.00
1522 New OC 280.71 0.12 2.4 1.80 0.00 0.26 0.25 0.00 8.80 0.00
1526 Known OC 282.06 -2.40 2.5 2.10 0.32 0.09 0.04 0.00 9.00 0.03
1530 New OC 282.34 -1.07 6.5 6.60 0.00 1.00 1.30 0.00 6.80 0.00
1533 Known OC 283.01 0.44 2.1 2.10 0.10 0.18 0.16 0.03 8.50 0.15
1534 Known OC 283.14 -1.46 2.7 2.30 0.26 0.10 0.25 0.02 8.30 0.04
1537 Known OC 283.85 -3.69 2.7 2.70 0.00 0.01 0.02 0.01 9.00 0.00
1540 Known OC 284.62 0.04 1.9 1.70 0.15 -0.00 0.10 0.01 8.20 0.08
1544 Known OC 285.34 -8.82 1.4 1.30 0.06 -0.01 0.03 0.02 8.70 0.06
1545 Known OC 285.87 0.08 1.4 1.50 0.07 -0.12 0.01 0.01 7.50 0.07
1551 Known PMS 287.40 -0.34 1.8 1.30 0.00 0.02 0.30 0.00 7.30 0.00
1558 Known OC 288.69 0.43 2.2 2.10 0.06 0.20 0.19 0.01 8.00 0.07
1559 Known OC 289.16 0.31 5.6 3.30 0.00 0.54 0.40 0.00 9.40 0.00
1562 Known OC 289.52 -0.40 2.3 2.20 0.10 0.20 0.25 0.00 8.60 0.00
1564 Known OC 289.90 -5.57 2.1 1.70 0.03 0.03 0.12 0.03 8.60 0.13
1565 Known OC 290.19 2.88 1.9 2.00 0.00 -0.02 0.00 0.00 9.70 0.03
1575 Known OC 291.21 -0.16 2.0 1.80 0.19 0.04 0.09 0.02 7.90 0.09
1576 Known PMS 291.64 -0.51 3.5 1.00 0.00 0.66 0.90 0.00 7.70 0.00
1582 New OC 292.38 -1.82 2.0 1.80 0.15 0.15 0.26 0.03 7.90 0.20
1586 New OC 292.84 -1.20 4.4 4.10 0.25 0.61 0.64 0.02 8.90 0.10
1587 Known OC 292.92 -2.41 1.5 2.00 0.25 0.08 0.19 0.03 8.30 0.10
1588 Known OC 293.21 0.58 3.8 4.00 0.20 0.25 0.17 0.01 8.90 0.07
1589 Known OC 294.11 -0.03 1.1 1.60 0.17 -0.10 0.04 0.03 7.70 0.20
1590 Known OC 294.38 6.18 1.8 1.70 0.03 -0.05 0.04 0.01 9.20 0.02
1591 New OC 294.52 -1.09 5.6 5.80 0.10 0.86 0.85 0.00 8.70 0.00
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1596 Known OC 295.79 -0.21 3.2 2.20 0.00 0.46 0.47 0.00 8.90 0.00
1600 Known OC 297.52 -1.76 3.8 3.30 0.07 0.48 0.40 0.01 9.00 0.07
1603 New OC 298.22 -0.51 2.2 2.40 0.25 0.25 0.21 0.01 9.20 0.06
1611 Known OC 299.32 4.56 1.8 1.90 0.07 0.11 0.13 0.02 9.30 0.07
1614 Known OC 299.76 0.86 1.9 1.60 0.30 -0.05 0.14 0.01 8.30 0.10
1615 Known OC 300.11 -0.67 3.5 3.50 0.00 0.58 0.60 0.02 9.20 0.03
1624 Known OC 301.50 2.20 2.9 3.40 0.00 0.27 0.18 0.00 9.00 0.00
1627 Known OC 301.71 -5.53 3.5 1.50 0.00 0.32 0.26 0.00 9.70 0.00
1633 Known OC 303.22 2.47 1.4 1.40 0.00 -0.00 0.10 0.01 7.50 0.03
1637 Known OC 303.63 -2.08 2.4 2.30 0.03 0.31 0.30 0.02 8.90 0.07
1644 New OC 305.51 -4.32 2.2 1.70 0.05 0.19 0.19 0.03 8.50 0.25
1655 Known OC 307.74 1.56 2.0 1.60 0.15 0.12 0.14 0.01 8.40 0.07
1670 Known OC 310.84 0.16 5.1 2.50 0.00 1.11 1.19 0.00 8.50 0.00
1679 Known OC 314.72 -0.30 4.2 3.40 0.40 0.53 0.60 0.05 8.80 0.05
1686 New OC 316.00 -0.29 5.0 1.70 0.00 0.97 0.97 0.00 9.30 0.00
1704 Known OC 325.80 -2.97 2.7 2.00 0.18 0.22 0.21 0.01 9.10 0.06
1706 Known OC 326.01 -1.93 1.5 1.30 0.00 0.08 0.07 0.02 8.90 0.07
1716 New OC 329.79 -1.59 6.4 5.40 0.00 0.89 0.79 0.03 9.10 0.07
1723 New OC 333.03 5.85 1.1 1.10 0.03 -0.02 0.00 0.00 8.80 0.03
1726 Known OC 334.55 1.09 3.0 2.30 0.00 0.37 0.38 0.00 9.10 0.03
1730 Known OC 335.47 -6.24 1.4 0.90 0.00 0.05 0.08 0.00 10.00 0.00
1738 Known OC 340.11 -7.88 1.4 1.00 0.06 0.12 0.15 0.00 9.00 0.03
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